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0 Method of improving qualities of materials and wires used therefor. 



0 In a method of modifying or improving qualities 
of materials at their local parts, the method com- 
prises the steps of: making capsule particle (15) by 
encapsulating a core particle with covering particles; 
making a wire by filling a sheath member (29) with 
the capsule particle (15); and making weld cladding 
on the material whose qualities are to be modified 
with the wire. 
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METHOD OF IMPROVING QUALITIES OF MATERIALS AND WIRES USED THEREFOR 



The present invention relates to a method of 
modifying qualities of materials such as metals and 

resins by a weld cladding method. The present 
invention also relates to welding wires used for the 
weld cladding method and a method of manufac- 
turing such wires. 

Methods that can improve characteristics of a 
material by modifying its qualities at local parts 
thereof are demanded in late years. With an auto- 
motive parts industry being focused on, for exam- 
ple, thermal and mechanical loads against a cyl- 
inder head increase as an engine output is raised. 
This raises a serious problem since the cylinder 
head is made from cast iron. Specifically, as shown 
in Figure 26 of the accompanying drawings, the 
thermal cracks are apt to be generated in a bottom 
face 2 of the cylinder head 1 , particularly at those 
parts which are thinner than other parts such as a 
part extending between an intake port 3 and an 
exhaust port 4 (called "inter valve part") and a part 
6 surrounded by the ports 3 and 4 and a fuel 
injection nozzle opening (or a preheating chamber) 
5. Therefore, the material of the cylinder head 1 
should be strengthened at these local parts. In a 
case of a piston 7, for another example, parts 
surrounding a combustion chamber 8, particularly 
parts indicated by hatching in Figure 27, need a 
strength-improvement treatment. 

Following surface modification methods have 
been proposed to improve the strength of a local 
part of a material: 

(1) Alloying: To improve a thermal resistance by 
adding an appropriate amount of heat-resisting 
alloying elements (e. g. Cr, Mo, Cu and/or Ni); 

(2) Cast cladding: To form a cladding of steel or 
heat-resisting metallic material over the part lia- 
ble to thermal crackings by means of casting; 
and 

(3) Nitriding: To form a nitride layer on the 
surface either in gas or liquid after machining. 

If the part in question is of an aluminum 
alloy casting, following methods are availabe in 
addition to (1) and (2): 

(4) Precipitation toughening: To raise tensile 
strength as well as ductility by the precipitation 
toughening effect arising on addition of Sr or Ti 
in an appropriate amount; 

(5) Hard alumite (or anodizing) treatment: To 
improve the thermal resistivity by forming a hard 
alumite film of about 100 micrometers on the 
surface; 

(6) Remelting grain refinement: To improve the 
thermal resistivity by letting the aluminum matrix 
undergo a rapid melting-and-solidification with a 
high density energy such as laser, electron 



BNSDOCID: <EP._.0439179A1J_> 



beam and TIG so as to refine the granular 
structure: and 

(7) Remelt alloying: To add heat-resisting ele- 
ments (e. g. Ni, Cu, Cr and/or Mo) to the part 
5 melted in (6). 

These methods, however, have following prob- 
lems: 

(1) Alloying: In addition to an obvious rise in 
cost, the castability is degraded on addition of 

70 alloying element, which results in casting de- 
fects such as shrinkage, and aggravation of pro- 
ductivity and yield. Further, it is often the case 
that the alloying does not improve the thermal 
resistivity but deteriorates the thermal resistivity 

15 because of the generation of microshrinkages; 

(2) Casting cladding: Because of the added 
cares needed for oxidation prevention and cast- 
ing temperature controlling during the casting, 
and the nondestructive testing afterwards, all of 

20 which are absolutely necessary to ensure sat- 
isfactory cladding, the rise in cost is enormous; 
and 

(3) Nitriding: In addition to the obvious rise in 
cost, the high temperature of nitriding (560 to 

25 580 " C), to which the machine part should be 
be exposed entirely, often gives rise to deforma- 
tion or internal crackings. Further, in order to 
perform the nitriding to perfection, the graphite 
in the cast iron should be removed. 

30 Another proposal is to spray coat the part 

concerned here (the bottom face of the cylinder 
head) with a ceramic or a heat-resisting material. 
Since the spray coated layers are so liable to 
early separation, however, this method has not 

35 been implemented. 

For the methods relating to aluminum cast- 
ings, on the other hand, there are following 
drawbacks: 

(4) Precipitation toughening: Although this ap- 
40 proach is simple enough to practive, the benefit 

is small; 

(5) Hard alumite treatment: Although the effect 
of improving the heat resistivity is greater than 
the methods (1) and (4), an application of al- 

45 umite film to only the concerned part is costly 
because all other parts must then be protected 
from getting converted into aiumite; 

(6) Remelting grain refinement: Though the op- 
eration is simple and the effect is comparatively 

so large, the improvement obtainable is not large 
enough for the target demanded today; 

(7) Remelt alloying: Though this method is ba- 
sically more promising than the method (6), the 
formation of sound (i. e., free of defects and of 
post-treatment crackings) remelting-alloyed lay- 
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er is difficult. In addition, the content of alloying 
element must be held to less than 10 to 20%, to 
prevent these defects. Therefore, a remarkable 
improvement cannot be expected in the heat 
resistivity. 

Moreover, there is another aspect of auto- 
motive parts that should be taken into consider- 
ation: For weight reduction, polymers (i. e., resins) 
are used more and more not only for coverings, 
inner panels and the like but also for outer panels 
and even for structural members. 

Now, to overcome the deficiencies inherent 
with the conventional methods (1) to (3), there has 
been proposed a method to apply the weld clad- 
ding of heat-resisting metal (e. g., Co, Ni and Mo) 
to the parts that are liable to thermal crackings 
such as the bottom face of the cylinder head. The 
problem here has been the precipitation of cemen- 
tite (Fe 3 C) at the boundary between the base metal 
(cast iron) and the cladding heat-resisting metal, 
because the cementite is not only brittle but ag- 
gravates the machinability. Also, the cladding of 
heat-resisting metal itself is liable to crackings dur- 
ing weld cladding. 

A method similar to the above-described weld 
cladding has also been proposed for aluminum 
alloy castings to avoid the deficiencies of the con- 
ventional methods (1), (2) and (4) to (7). Here, 
because of the liability of in- and post-weld clad- 
ding cracking, as in the method (7), the content of 
added alloying element cannot be raised sufficient- 
ly and a desired heat resistivity will not be ob- 
tained. 

As for the resins, there are many problems, 
too. For example, when a resin is used for a 
structure memeber of an automobile, what is need- 
ed beside the strength is the wear resistivity. Al- 
though the resins generally possess a high wear 
resistivity against a contact with metals, they are 
apt to undergo plastic deformation if the contact 
load between the resin and the metal is large. This 
causes seizing and wear. To improve the rigidity 
and wear resistance of such a resin at its contact 
plane, a method of weld cladding it with a hard 
plastic using ultrasonic has been proposed. How- 
ever, mere cladding of resin with hard plastic does 
not improve the characteristics. In addition, an in- 
crease in the elastic modulus, which is the most 
desired factor in preventing the plastic deformation 
under a heavy load, is scant. Therefore, this meth- 
od hardly contributes to improvement of the wear 
resistance of the resin concerned. 

For another example, the resins are used in the 
automobiles as housings of various onboard sen- 
sors and electronic controllers. In these applica- 
tions, electrically conductive plastics are used to 
protect the components from electromagnetic 
waves and from troubles relating to electric waves. 



An electronic instrument is often desired to be 
attached to an existing instrument. In this case, the 
former instrument may be mounted on a housing of 
the latter instrument, and a vabriation analysis must 

s be conducted since tho vibrations affect the elec- 
tronic instrument, but anti-vibration measures for 
the combined instrumentst require a great amount 
of expense and labor even if adequate vibration- 
damping measures are given to the indivisual in- 

w struments. A simple way of solving this problem is 
to place a rubber material between the instruments. 
But, since such a material does not accept paint or 
reflects differently as compared with the instru- 
ments next thereto, an appearance of the product 

75 is not pleasant and a value as a merchandise is 
lowered. 

An object of the present invention is to provide 
a method of improving qualities of a material 
(referred to as "material improvement or material 

20 modification") to be applied to parts made of cast 
iron in such a way as to give rise to neither 
embrittlement nor degradation of machinability due 
to precipitation of cementite, and also to prove a 
welding wire (called "wire" or "material modifica- 

25 tion wire") to be used therefor. 

Another object of the present invention is to 
provide a material modification method to be ap- 
plied to parts made of cast aluminum alloy in such 
a way as to give rise to a large increase in the heat 

30 resistivity but to no crackings, and also to provie a 
wire to be used therefor. 

Still another object of the present invention is 
to provide a material modification method that is 
able to endow the resins with rubber-like properties 

35 without changing the surface skin thereof, an also 
to provide a wire to be used therefor. 

Yet another object of the present invention is to 
provide a method of modifying or improving the 
qualities of material and at the same time raising 

40 an elastic modulus greatly, and to provide a wire 
used therefor. 

Another object of the present invention is to 
provide a method of improving qualities of the 
above-mentioned wires. 

45 Another object of the present invention is to 

provide a wire used in weld cladding which ensures 
a smooth and/or uniform welding current flow and a 
high quality welding when the above-mentioned 
material modification methods are carried out by a 

so padding or weld cladding with a MIG welder or the 
like. 

According to one aspect of the present inven- 
tion, there is provided a method of modifying the 
qualities of various materials (called "object ma- 
ss ferial") at their local parts, which comprises the 
steps of: manufacturing miniature capsules (called 
"capsule particles") including a particle that func- 
tions as a nucleus (called "core particle") and 



3 



BNSDOCID: <EP 0439179A1 I > 



5 



EP 0 439 179 A1 



6 



particles that cover the core particle so as to en- 
capsulate it (called "covering particles"); manufac- 
turing a wire by filling sheath member with the 
capsule particles; and weld cladding the object 
material using the wire thus manufacture. 

Kmong^SiSse sfe^T^e^apfule ^aMc1e*prej> 
aration step may include two sub-steps: In a first 
sub-step, the core particles are respectively cov- 
ered with a great number of covering particles, 
whose diameter is smaller (called "smaller par- 
ticles") than the core particle, by electrostatically 
attaching them onto the respective core particles. 
In a second sub-step, these intermediate capsule 
particles are thrown into a high speed gas stream 
so that they are subjected to an impact force, by 
which the covering particles firmly adhere on the 
intermediate capsule particles, whereby the cap- 
sule particles are formed. 

The wire preparation step may also include two 
sub-steps: In a first sub-step, a pipe or a tubing is 
filled with the capsule particles, and in a second 
sub-step, the pipe thus loaded with the capsule 
particles is drawn to a wire of predetermined diam- 
eter. 

Further, the weld cladding step may be carried 
out by a welding using the wire of the present 
invention as a filler. In this case, MIG welder may 
be used and the wire of the present invention is 
preferably used as a consumable electrode. 

According to another aspect of the present 
invention, there is provided a wire comprising: a 
plurality of capsule particles, each made by en- 
capsuling a core particle with smaller covering par- 
ticles; and a sheath member, which is to be filled 
with the capsule particles. Here, it is preferred that 
both the covering particle and the sheath member 
be electric conductors, that they be made of a 
material that is compatible with the object material, 
and moreover, that they be made of a material that 
is of the same kind as the object material. It is also 
preferred that one wire that is deemed most appro- 
priate be used in the weld cladding for the pur- 
ported material modification. 

The core particle in the wire may be a heat 
resisting element, and the covering particle and the 
sheath member be a metal, wherein the heat resist- 
ing element may be a heat resisting metal such as 
Co, Mo, Cr and Ni, or a ceramic such as AI2O3, 
Si3N* t SiC and CuO. For example, the core may 
be of a particle of any of Co, Mo or Cr, and the 
metal for the covering particle and sheath member 
may be Cu. The material modification method by 
performing the weld cladding on the cast-iron cast- 
ings using this wire would be recommended. 

The wire may be of a core particle made of a 
heat resisting element, and a covering particle and 
a sheath member made of Al. Alternatively, the 
wire may be a combination of a ceramic may be 
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used for the core particle, and a polymer may be 
used for the covering particles and the sheath 
member. It is preferred here that, in the above- 
described capsule particle, the volume ratio of the 

5 core particle be larger than the volume ratio of the 
coven ng parncies. in aooinon, xno core pHTucre 
may be rubber, and the covering particle and the 
sheath member be a polymer. In this case, the 
polymer may be a resin. The material modification 

10 by weld cladding a polymer or a resin using an 
appropriate one of these wires is preferred. In such 
a case, the weld cladding may be performed by 
the ultrasonic welding method. 

According to another aspect of the present 

rs invention, there is provided a method of manufac- 
turing these wires, which comprises the steps of: 
rendering the material for the sheath member into 
a plate-like fiat form; preparing a capsule particle 
by encapsulating a core particle, made of a heat 

20 resisting element, with smaller covering particles; 
letting the capsule particles attach to or adhere on 
a surface of the sheath member material men- 
tioned above, i. e., that surface which becomes 
inside when it is formed into a sheath (called 

25 "inside surface"); and allowing the sheath member 
material (now carrying the capsule particles) to be 
rolled into a form of wire. Here, the capsule- 
particle-adhering-on-the-inside-surface-of-the- 
sheath-member-material step may be carried out 

30 by ultrasonic vibration energy generated by an 
ultrasonic transducer or by ohmic resistance heat 
generated by an ohmic resistance sintering appara- 
tus. 

According to another aspect of the present 
35 invention, there is provided a wire improved over a 
wire used in the quality modification of various 
materials at their local parts by weld cladding using 
a MIG welder or the like. The wire may include: 
capsule particles, each made by encapsuling a 
40 core particle with smaller covering particles; a wire 
made from an electrically conductive sheath mem- 
ber that contains these capsule particles; and an- 
other wire that has an electric resistance com- 
parable to the sheath member and is inserted 
45 thereinto so as to be surrounded by the capsule 
particles. Here, it is preferable to form the second 
wire from the same kird of material as the sheath 
member. 

As for the wire described above, furthermore, it 
50 is preferable that the covering particles and the 
sheath member be made of a material that is 
compatible with the object base metal, that the 
second wire thereof be made of the same kind of 
material as that of the covering particle and the 
55 sheath material, that the second wire be laid along 
the central axis of the wire, that the second wire be 
of a diameter one tenth to one half that of the wire, 
and that the diameter of the covering particle be 

4 
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about one tenth that of the core particle. Here, the 
outer diameter of the wire may be, for example, be 
0.8 mm to 1.6 mm. The weight ratio of the covering 
particles to the core paticles may be 30 to 70 (30 : 
70) in a capsule particle. The diameter of the core 
particle may be 10 to 500 micrometers or there- 
about. 

The present invention, being as described 
above, exhibits follwing remarkable advantages in 
comparison with the conventional material- 
modification-by-weld-cladding methods: 

(a) It is possible to carry such alloying elements 
that cannot be formed into wire, into the weld 
cladding; 

(b) Since the electric current within the wire has 
been made uniform, the welding quality is stabi- 
lized; 

(c) It is possible to carry such alloying elements 
that are not compatible with the object base 
metal, into the weld cladding; and 

(d) By appropriately selecting the material com- 
bination between the capsule particle and the 
sheath member, it is possible to apply the weld 
cladding to any materials. 

Here, particularly with respect to (b), the 
above-mentioned wire manufacturing method and 
the wire having the second wire therein would be 
recommended to be used. 

Figure 1 shows a capsule particle prepara- 
tion step pertaining to a first em- 
bodiment of the present invention 
for a method of modifying qualit- 
ies of materials and a wire to be 
used therefor, wherein covering 
particles are attached to a core 
particle; 

Figure 2 shows the capsule particle in its 
cross section; 

Figure 3 shows a composite particle that is 
an agglomerate of the capsule 
particle shown in Figure 2; 

Figure 4 shows a system diagram of an 
equipment for manufacturing the 
capsule particles: 

Figure 5 illustrates a roll forming machine 
(called "hybridizer") of the equip- 
ment of Figure 4; 

Figure 6 illustrates in oblique view a step of 
filling a sheath member with the 
capsule particles of Figure 3; 

Figure 7 shows in oblique view a wire 
made from the sheath member of 
Figure 6; 

Figure 8 shows in lateral view a welder for 
conducting a weld cladding; 

Figure 9 shows a capsule parti Ice in cross 
section pertaining to a second em- 
bodiment of the present invention; 



Figure 10 shows a capsule particle in cross 
section pertaining to a third em- 
bodiment of the present invention; 

Figure 11 shows in oblique view an engine 
5 valve retainer as an object article 

of the present invention; 

Figure 12 shows a cross section of the en- 
gine valve retainer of Figure 11 as 
taken along the line XII-XII; 
w Figure 13 depicts a capsule particle in its 
cross section pertaining to a fourth 
embodiment of the present inven- 
tion; 

Figure 14 depicts in oblique view a housing 
1$ made of a resin to contain an 

electronic instrument as an object 
article of the present invention; 
Figure 15 shows pertinent parts of the hous- 
ing of Figure 14 in its cross sec- 
20 tion; 

Figure 16 illustrates a step of rendering the 
material for the sheath member 
into a plate-like flat form in making 
the wire to be used in the material 
modification according to a fifth 
embodiment; 
Figure 17 schematically illustrates a capsule 
particle of the fifth embodiment in 
its cross section; 
Figure 18 shows a composite particle that is 
an agglomerate of the capsule 
particles of Figure 17; 
Figure 19 illustrates a step of attaching the 
capsule particles of Figures 1 7 
and 18 onto a material for the 
sheath member; 
Figure 20 illustrates a step of rolling up the 

sheath member; 
Figure 21 illustrates in side view another em- 
40 bodiment of the step of Figure 19; 

Figure 22 shows in oblique view a wire to be 
used in the material modification 
according to a sixth embodiment 
of the present invention; 
45 Figure 23 shows a sectional view of a cap- 
sule particle to be used in the 
sixth embodiment; 
Figure 24 shows a composite particle that is 
an agglomerate of the capsule 
50 particles; 

Figure 25 illustrates in oblique view a step of 
making the wire of the present in- 
vention; 

Figure 26 shows a bottom of a cylinder head 
55 and used to explain a conventional 

method; and 
Figure 27 shows a perspective view of a pis- 
ton for the same purpose as Fig- 
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ure 26. 

Now, preferred embodiments of the present 
invention will be explained with reference to the 
accompanying drawings. 

Ffrst EmT5odTmeriY 

Figures 1 to 8 illustrate a first embodiment of 
the present invention for modifying qualities of ma- 
terials and a wire to be used therein. A weld 
cladding for a cast iron casting is performed using 
a wire including plural number of capsule particles, 
each made by encapsulating a core particle made 
of a heat resisting element with smaller covering 
metallic particles (the indivisual particles are small- 
er than the core particle) over the core particle, and 
a sheath member made of a metal and filled with 
the capsule particles. 

To explain the process of making the wire to 
be used in the method and the structure of the 
wire, Co is used as a heat resisting element, and 
metallic Cu particles 12 of a diameter about one 
tenth that of the Co particle 1 1 are applied onto the 
Co particle 11 of a diameter 10 to 500 micrometers 
or thereabout, as shown in Figure 1 . Here, van der 
Waals force is used for the attaching operation. 
Then, an appropriate impact force is applied on the 
Co particles 11, now attached with the Cu particles 
12. Owing to this impact force, the Cu particles 12 
firmly adhere on the mother (or the core) Co par- 
ticle 11, covering the latter, so that capsule par- 
ticles 15, each composed of a Co core particle 13 
and the Cu covering particles 14, are formed as 
shown in Figure 2. By agglomerating these capsule 
particles 15 in a great number, moreover, the com- 
posite particle 16 are formed as shown in Figure 3. 

Figure 4 illustrates with a system diagram an 
equipment for manufacturing the composite par- 
ticles 16, which is agglomerates of the capsule 
particles 15. In this case, the equipment is used to 
manufacture the capsule particles 15 dry, or in the 
dry process, so that the equipment comprises an 
electrostatic treatment unit 17 in which the particles 
are covered with smaller particles, a feeder 18 
through which the particles as covered with smaller 
particles are transferred at a predetermined rate, a 
roll forming machine (called "hybridizer") 19 in 
which an impact force is applied to these particles, 
and a collector-cum-container 20 in which the com- 
posite particles 16 thus manufactured are to be 
stored. In addition, a controller 21 is provided for 
controlling actions of the units 17, 18 and 19. 

Now, referring to Figure 5, the hybridizer 19 is 
equipped with a rotor 24 having a number of 
blades 23. The rotor 24 is rotatably mounted on the 
stator 22. Thus, the particles are not only flung 
away by the centrifugal force from the center as 
they enter the machine through a feeding port 25 



to be subjected to an impact force, but are re- 
turned many times over to a high speed gas 
stream existing inside the hybridizer, through a 
recirculation duct 26. They are discharged out of 

5 the hybridizer 1 9, whenever the discharge valve 27 
1S Bp^SJHWJj VTH H CWSCffflftJCTpOnT 28. - ■-- — ■ 

The Co particles 11 and the Cu particles 12, as 
mutually adhered on each other, are fed into the 
hybridizer 19, and subjected to the impact force for 

io 1 to 10 minutes in the high speed gas stream, with 
the rotor 24 rotating at a revolution speed of 8,000 
to 16,000 rpm. In this manner, which is referred to 
as "high speed gas stream and impact method", 
the capsule particles 15 firmly adhere to each other 

is and they are called the composite particles 16. 
Other known methods of making the capsule par- 
ticles 15 than the high speed gas stream and 
impact force method are also satisfactory. These 
methods are, for example, a sputtering method, a 

20 wet method, a replacing plating method, a non- 
electrolysis plating method, a CVD method, a vacu- 
um deposition method, an alkoxide method, a 
coprecipitation method, a coprecipitation-and-re- 
duction method and a Shervitt method. 

25 After that, a piece of Cu strip is changed to a 

pipe or a tubing 29. A cavitiy of the Cu strip is 
filled with the capsule particles 15 after they have 
been formed with zinc stearate or the like agent as 
a binder. Then, the pipe 29 is drawn, as filled with 

30 the capsule particles 15, into a fine wire (i. e., the 
welding wire) 30 of a diameter of 0.8 to 1.6 mm as 
shown in Figure 7. This wire 30, which is to be 
used in the material modification, constitutes one of 
the features of the present invention. The manufac- 

35 ture of the wire 30 may be done in a manner 
similar to a known method of manufacturing a flux- 
cored wire. 

The wire 30 is set to a welder 31 that performs 
a MIG welding as shown in Figure 8. The welder 

40 31 is equipped with a nozzle 32 to supply shield 
gas G and a wire feeder 33 to supply the wire 30 
progressively so as to conduct an arc welding with 
the wire 30 as a consumable electrode. Here, the 
weld cladding is performed with the wire 30 as the 

45 filler by moving the welder 31 along the object part 
6 of a cylinder head 1 , which is made of a cast iron 
casing, so that the object part 6, which needs 
strengthening, may be covered with a molten metal 
layer 34 now added with Co. Thereafter, the part is 

so machined to a finished cylinder head 1 . 

As described above, by forming the wire 30 
through filling the Cu pipe 29 with the capsule 
particles 15, which are made by encapsulating Co 
core particles 13 with the Cu covering particles 14, 

55 and by forming the weld cladding on the object 
part 6 of the cast iron casting, what is achieved is, 
owing to Co, not only a substantial increase in the 
thermal resistance at the desired local part of the 
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cylinder head 1 which needs strengthening, but an 
effective prevention of precipitation of cementite 
and embrittfement due thereto. That is to say, 
since Co is surrounded by Cu, it does not undergo 
direct contact with the cast iron, and since the 
cementite hardly precipitates, very little if ever, in 
the molten metal layer 34, which has been alloyed 
thus, neither embrittlement nor degradation of ma- 
chinability due to the weld cladding is to be feared. 

Further, since Co is distributed evenly in the 
molten metal layer 34 as existing within the Cu 
matrix in the form of a fine particle and since Cu is 
highly compatible with the cast iron, the factor that 
often causes crackings if the weld caldding is per- 
formed using a heat resisting metal alone is re- 
laxed, so that a refinement layer containing no weld 
defects can be formed. Another benefit of this 
invention here is that, since the wire 30 has been 
made by filling it up with plural number of capsule 
particles 15, the electric resistance during welding 
is rendered uniform. This will be understood if one 
considers the difficulty associated with forming a 
uniform mixture of particles of a heat resisting 
element and Cu particles: because of the uneve- 
ness that ensures thereby, the distribution of elec- 
tric resistance becomes uneven along the wire 
length, making the stable weld cladding extremely 
difficult. This invention prevetns these difficulties. 

These beneficial effects of this invention were 
confirmed in an experiment for a cast iron (J IS 
FC25) conducted under following conditions: 
Welding wire: 

1.5 mm in outer diameter, made from a pure 
copper strip of thikcness of 0.15 mm. 
Capsule particles (covering particles/core par- 
ticle): 

Cu/Co, Cu/Mo or Cu/Cr, each 30/70 % in weight 
ratio. 

Welding condition: 
160 A and 23kV. 

The result of the experiment showed us that 
when the weld cladding was conducted using any 
of pure Mo, Co-alloy (Stellite No. 12) and Cr-alloy 
(SUS 309), extensive crackings occurred in the 
weld metal, whereas that when the wire 30 of this 
invention was used, no crackings occurred and 
formed was a sound weldment with a defect-free 
cladding. 

Here, not only many combinations other than 
thoes based on Co, Mo and Cr mentioned above 
are possible, but the use of other heat resisting 
metals or ceramics such as AI2O3, SiC, Si3N+ and 
CuO as the heating resisting element is permis- 
sible. As for the cross section of the wire 30, 
moreover, that shown in Figure 7 is not a neces- 
sary one, but any other form such as as those 
used in making the flux-cored wires can be used 
as long as it is able to retain the capusle particles 



9 179A1 12 

15. In addition, the method of weld cladding is not 
limited to MIG, but any of the wire method of 
welding, for example TIG, can be used equally 
well. 

5 

Second Embodiment 

In a second embodiment of the present inven- 
tion, we conduct the weld cladding for aluminum 

10 alloy castings such as a cylinder head, using a wire 
composed of plural number of capsule particles, 
each made by encapsulating a heat resisting ele- 
ment as the core particle with smaller covering 
particles, and a sheath member made of Al which 

15 is filled with the capsule particles. 

The wire is made similarly as in the first em- 
bodiment: for an example, first, we take Mo par- 
ticles of a diameter of 10 to 500 micrometers as 
the core particle, and let Al particles of a diameter 

20 of about one tenth of the former electrostatically 
adhere thereon, and subject them to the high 
speed gas stream and impact treatment so as to 
make the Al particles penetrate into the Mo par- 
ticle, thereby producing the capsule particles 43 

25 composed of Mo core particle 41 and Al covering 
particles 42, as shown in Figure 9. Second, we take 
a strip of Al, make a pipe out of it, fill it with the 
capsule particles 43, draw the pipe as filled with 
the capsule particles 43 into a fine wire, thereby 

30 producing a welding wire of a diameter of 0.8 to 
1.6mm. Third, we set this wire to the MIG welder 
mentioned above (Figure 8), move the welder along 
the surface of the object part, and conduct the weld 
cladding thereon with the wire described above as 

35 the filler, thereby forming a molten metal layer now 
added with Mo. 

Since the object part is now covered with the 
weld cladding, which has been made with a wire of 
the present invention as the filler (the wire com- 

40 prises the capsule particles 43. each made of a Mo 
particle as the core particle 41 and Al particles as 
the covering particle 42, and an Al pipe filled with 
these capsule particles 43), the cylinder head has 
been improved greatly in the heat resistivity at its 

45 local object part, so that occurrence of cracks 
during and after welding has been effectively pre- 
vented. Namely, since Mo is distributed in the 
molten metal layer evely existing within the Al 
matrix in the form of fine particles and sicne the Al 
50 matrix is of the same kind as the Al alloy casting, 
the factor that causes crackings if the weld clad- 
ding were conducted with a heat resisting element 
alone has been removed, so that a sound (i. e., 
free of weld defects) reinforcement layer is ob- 
55 tained. This means further that by changing the 
diameter of the heat resisting element appropriately 
in the capsule partiice 43, L e,, by selecting the 
diameter ratio of the core particle 41 to the Al 
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covering particles 42 properly, the content of the 
heat resisting element to be added can be con- 
trolled as desired, thereby relaxing greatly the limit 
imposed on the content of the additive heat resist- 
ing element in the conventional removal alloying 
treatment meltiod. 

Further, the same benefit of homogenizing the 
electric resistance during welding is realized as in 
the first embodiment. 

We confirmed these beneficial effects of this 
invention in an experiment conducted for an Al 
alloy casting (JIS AC2B) under following conditions: 
Welding wire: 

1.2 mm in outer diameter, made from a pure 
aluminum strip of thickness of 
Capsule particles (covering particle/core parti- 
cle): 

Al/Co, Al/Mo or Al/Cr, each 30/70 % in weight 
ratio. 

Welding condition: 
170A and 25kV. 

The result of this experiment showes us that 
when the weld cladding was conducted using any 
of pure Mo, Co-alloy {Stellite No. 12) and Cr-alloy 
(SUS 309), extensive crackings occurred in the 
weld metal, whereas that when the wire of the 
present invention was used, no crackings occurred, 
thereby forming an adequate weldment and a 
defect-free cladding. 

Here, as in the case of the first embodiment, 
not only many combinations other than those base 
on Co, Mo and Cr mentioned above are admissible, 
but the use of other heat resisting metals or ceram- 
ics such as AI2O3, SiC, Si3N4 and CuO is permis- 
sible for the heat resisting element- 
Third Embodiment 



In a third embodiment, we conduct the weld 
cladding for polymers, using a wire composed of 
plural number of capsule particles, each made by 
encapsulating a core particle of either metal or 
ceramic with covering particles made of a polymer, 
and a sheath member made of a polymer which is 
to be filled with these capsule particles. Here, the 
methods of manufacturing the capsule particles 
and the wire may be the same as in the foregoing 
two embodiments. 

Referring to Figure 10, we take a metal (or 
ceramic) particle of a diameter of about 1 0 to about 
500 micrometers as the core particle 45, and make 
a capsule particle 44 by encapsulating it with the 
covering particles 46 made of a resin such that a 
volume ratio of the core particle 45 to the covering 
particles 46 be about 70 to 30. Here, the volume 
ratio can be set as desired in accordance with the 
end purposes, because the difficulties associated 
with uniformly mixing resin particles and metal or 



ceramic particles so as to make the latter more 
than 50% has been eliminated by using the cap- 
sule particle 44. As for the resin, a plastic may be 
selected in consideration of the base object ma- 

5 terial and the cxtmpati bi i ity Jhereto from known 
plastic, including acrylic resins, fluoride types 
(PFA), vinylidene fluorides, benzoguanamines, sili- 
cones, epoxies and nylons. 

Then, we fill a pipe, made of a resin of the 

10 same kind as the covering particle 46, up with the 
capsule particles 44 thus made, and heat and 
drawn it into a fine wire of a diameter of 1 to 5 mm 
or thereabout (not shown). The cladding with this 
wire can be conducted by the direct welding meth- 

75 od or by the ultrasonic welding method to obtain a 
structure member made of polymer. Since the ul- 
trasonic welding proceeds by the exothermic reac- 
tion of the polymer itself, the provision of uniform 
particle mixture by virtue of the use of the capsule 

20 particles 44 ensures uniform heating, hence high 
quality material modification. Here, it is to be noted 
that since the practice of the third embodiment 
ensures the admission of metal or ceramic in a 
quantity markedly greater than considered possible 

25 hitherto, not only the anti-wear resistance of struc- 
tural members made of polymer or resin is greatly 
improved but their elastic moduli are also in- 
creased greatly, so that the plastic deformation that 
is apt to occur in the planes sliding under a large 

30 load is effectively prevented. 

We have provided Figures 11 and 12 as an 
example: An engine valve ratainer 47 was made 
from a polymer for the sake of weight reduction, 
but was found to wear excessively at the part 48 

35 where the spring made constant contact, and we 
have applied a weld cladding by the third embodi- 
ment method described above to the part 48 and 
obtained a satisfactory wear resistance therefor. As 
may be imagined from this practical example, the 

40 present invention is effective to improve the elas- 
ticity and the anti-wear resistivity of such object 
parts as the resin seal packing plane and the resin 
gear meshing face. 

45 Fourth Embodiment 

In a fourth embodiment, we conduct the weld 
cladding for polymers using a wire composed of 
plural number of capsule particles, each made by 
50 encapsulating a core particle of rubber with the 
covering particles made of a polymer, and a sheath 
member made of polymer which is filled with these 
capsule particles. Here, the methods of making the 
capsule particles and the wire may be the same in 
55 the foregoing three embodiments. 

Referring to Figure 13, we take a rubber par- 
ticle of a diameter of 10 to 500 micrometers or 
thereabout as the core particle 50, and make a 
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capsule particle 49 by encapsulating it with the 
covering particles 51 of a resin so that the weight 
ratio of the core particle 50 to the covering par- 
ticles 51 be about 70 : 30. Here, the weight ratio 
can be set as desired in accordance with the end 
purposes as described earlier on, and the rubber 
core particle 50 which may be selected from 
known rubbers such as natural rubber (NR), sty- 
rene rubber (SBR), butadiene rubber (BR), 
chloroprene rubber (CCR), nitryl rubber (NBR) and 
fluoride rubber (FPM) appropriately in consideration 
of the shock-absorbing characteristics desired, can 
be made easily by a freeze granulation method to 
be conducted in liquid nitrogen or dry ice. As for 
the resin, a plastic may be selected as in the third 
embodiment in consideration of the base object 
material and the compatibiiity thereto from known 
plastics, including acrylic resins, fluoride types 
(PFA), vinylidene fluorides, benzoguanamines, sili- 
cones, epoxies and nylons. 

Then, we fill a pipe made of a resin of the 
same kind as the covering particle 51 up with the 
capsule particles 49 thus made, and heat and draw 
it into a fine wire of a diameter of 1 to 5 mm or 
thereabout (not shown). The cladding with this wire 
can be conducted for articles made of polymer by 
the ultrasonic welding method or other suitable 
methods. 

The weld cladding thus formed not only has a 
resin surface but is added with the shock-absorbing 
property by the virtue of the rubber component. 
That is to say, as shown in Figures 14 and 15, by 
performing the weld cladding using the wire of this 
embodiment on the object part 53 of an existing 
resing housing 52, a quality-modified layer 54 can 
be formed to act as the shock-absorber for the 
newly attached instrument 55, thus contributing to 
vibration controlling of the composite instrument 
housing as a whole and preventing the degradation 
of value as a merchandise by forstaliing the occur- 
rence of different hue on painting. 

Fifth Embodiment 

In a fifth embodiment shown in Figures 16 to 
21, we provide a method of making a wire that is 
yet improved over those of the foregoing embodi- 
ments in qualities. Namely, in Figures 6 and 7, 
there is shown a method in which the pipe 29 of 
large diameter which is to become the sheath 
member is drawn into the fine wire after it has 
been filled up with the capsule particles 15, but 
filling the pipe 29 with the capsule particles 15 is 
no easy task. To overcome this difficulty, we first 
render the material for the sheath member 61 into 
a flat plate-like form of a given width as shown in 
Figure 16, where the material for the sheath mem- 
ber 61 is an electric conductor, say, a strip of 



copper. 

In the meantime, we manufacture the capsule 
particles 64 as in the foregoing embodiments. 
Namely, as shown in Figure 17, we take a ceramic 

5 particle, e. g., AI2O3, SiC, S13N4 and CuO as the 
core particle 62, and electrostatically attach Cu 
particles as the covering particles 63 thereto, the 
material of the covering particies being so selected 
as to be of the same kind as the sheath member 

10 61. Then, we subject these particles to an appro- 
priate impact force in the high speed gas stream 
using the hybridizer described above for 1 to 10 
minutes or thereabout by, for example, making the 
rotator rotation speed to be 8,000 to 16,000 rpm, 

15 thereby producing capsule particles 64 and their 
agglomerates, the composite particles 65. Next, we 
place these composite particles 65 on a strip of the 
sheath member 61 and make them adhere thereto 
ultrasonically by activating a ultrasonic transducer 

20 67 placed above the body of the composite prati- 
cles 65. Then, we roll up the sheath member strip 
61 in its width direction together with the composite 
particles 65 adhered thereto, with the surface 66 
that carries the composite particles 65 inside, so as 

25 to finish in a cylinder of adiameter 0.8 to 1.6 mm 
by, for example, folding the both edges 68 into the 
sheath member 61. Thus, produced is a wire 69 
filled with the capsule particles 64. The weld clad- 
ding with this wire 69 can be done with a MIG 

30 welder shown in Figure 8. 

Here, it should be noted that since the sheath 
member 61 has been made by rolling itself up after 
the capsule particles 64 have been firmly adhered 
on its inner surface, instead of mechanically charg- 

35 ing the capsule particles 64 into a pre-formed cyl- 
inder, there is no chance for the capsule particles 
64 to flow around, which would make the distribu- 
tion uneven. This aids greatly, together with the 
fact that additives are supplied in the form of 

40 capsule particles 64, in stalibizing and homogeniz- 
ing the qualities of the molten metal layer. In addi- 
tion, this construction makes it possible to realize 
any material combination among the core particle, 
the covering particle and the sheath member as 

45 desired: for example, the use of the heat resisting 
element such as Co, Mo and Cr for the core 
particle and A! for the covering particles and the 
sheath member is prefectly permissible. 

Moreover, the composite particles 65 of the 

50 capsule particles 64 may be made to adhere onto 
the sheath member 61 by the ohmic resistance 
sintering method instead of the ultrasonic method 
described above. In this case, we use an ohmic 
resistance sintering apparatus 71 shown in Figure 

55 21 which comprsies a pair of vertically opposing 
punch electrodes 72 and 73, a power source 74 
and a hydraulic mechanism (not shown) whose 
duty is to apply a pressur P on the punch elec- 
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trodes 72 and .73 as desired. The sheath member 
strip 61 that carries the capsule particles 64 (or the 
composite particles 65) on itself is placed between 
the pair of the punch electrodes 72 and 73, is 
made into a unified body on sintering the capsule 
particles 64 (or the composite particle 6*5) under 
pressure and by the discharge electric current The 
sheath member strip 61 thus prepared can be 
rolled up into a wire as shown in Figure 20. 

Sixth Embodiment 



In a sixth embodiment, we provide a wire for 
conducting weld cladding with a MIG welder in 
such a way as to effectively preclude the occur- 
rence of inhomogeneous welding current due to 
unevenness in the thickness of the sheath member. 
That is to say, we composed a wire 85 from plural 
number of capsule particles 83, each made by 
encapsulating a core particle 81, which may be of 
a heat resisting element, with smaller covering par- 
ticles 82, an electrically conductive sheath member 
84 to be filled with the capsule particles 83, and a 
second wire 86 of a comparable electric resistance 
as the sheath member 84, inserted therein so as to 
be surrounded by the capsule particles 83. Here, 
the core particle 81 may be a ceramic (e. g., 
AI2O3, SiC, Si3N+ and CuO), the covering particles 

82 and the sheath member 84, Cu, and the second 
wire 86, the same kind of Cu as the covering 
particles 82 and the sheath member 84. The outer 
diameter D of the wire 85 may be 0.8 to 1 .6 mm or 
thereabout, while the diameter d of the second wire 
86 should be about one tenth to one half of D, 
because when d £ 0.1 D, manufacturuing becomes 
rather difficult, whereas when d £ 0.5D, the second 
wire 86 becomes liable to touch upon the sheath 
member 84, spoiling the effects of the capsule 
particles 83. 

We manufacture the wire 85 as shown in Fig- 
ures 23 through 25: First as shown in Figure 23, 
we make a capsule particle 83 by encapsulating a 
ceramic core particle 81 of a diameter of 10 to 500 
micrometers or thereabout, with the Cu covering 
particles 82 of a diameter of about one tenth there- 
of, or further make composite particles thereof 
shwon in Figure 24 as needed; in the meantime, 
we make a channel 84 from a Cu strip to ultimately 
become the sheath member, stretch a Cu wire as 
the second wire 86 through its cavity along its 
length, keeping an appropriate distance from its 
walls so that it will eventually be laid along the 
central axis 89 of the wire 85: we then charge the 
capsule particles 83 (or the composite particles 
made therefrom) into the channel 84, and roll the 
channel 84 as it is loaded with the capsule particles 

83 into a fine wire 85 by turning the pairs of rolling 
dies-cum-pinch roller 87 and 88, producing the 



wire 85 inserted with a second wire 86 as its 
center. 

In performing the weld cladding with the wire 

85 thus formed by, for example, a cylinder head 
5 made of cast iron at its object locality, the MIG 

welder mentioned earfier may be used to form a 
molten metal layer containng a desired amount of 
ceramic. Here, one effect of providing a Cu second 
wire 86 at the center of the wire 85, which is 

10 composed of a Cu sheath member 84 and plural 
number of capsule particles 84, made by encap- 
sulating a ceramic core particle 81 with the smaller 
Cu covering particles 82, is to equalize the current 
distribution between the outer part of the wire 86, 

75 i.e., the sehath member 84, and the inner part 
thereof, i. e., the capsule particles 83, a beneficial 
effect which has been realized by preventing the 
welding current from flowing excessively through 
the sheath member 84, particularly in the cases 

20 where the wall thickness of the sheath member 84 
is targe. 

It is to be noted therefore that this effect, 
together with the provision of the capsule particles 
83 which brings about equalization of the electric 

25 resistance along the length of the wire 85, ensures 
formation of weld claddings of uniform quality. In 
addition, these benefits are had for any material 
combination of the core particle 81, the covering 
particle 82, the sheath member 84 and the second 

so wire 86: for example, the use of a heat resisting 
element such as Co, Mo and Cr for the core 
particle 81 , and Al for the covering particle 82 and 
the sheath member 84, together with the use of 
any such material, not necessarily Al, which can 

35 develop either by nature or by size a comparable 
electric resistance as that of the covering particle 
82 and the sheath member 84, for the second wire 

86 is perfectly permissible. 

Finally, even though considerable homogeniza- 
40 tion can be ensured in the distribution of the cap- 
sule particles 83 by appropriately controlling the 
capsule particle feeding rate and the roller feeding 
rate in the wire making method described above, 
the method described in the fifth embodiment as 
45 shown in Figure 20 may well be used when exces- 
sive fluidity of the charged capsule particles 83 is 
feared. 

Claims 

50 

1. A method of modifying qualities of materials 
(1) (referred to as "object material") at their 
local parts (referred to as "material modifica- 
tion method"), characterized in that the method 
55 comprises the steps of: 

(A) making a capsule particle (15) by en- 
capsulating a core particle (13) with cover- 
ing particles (1 4); 

10 
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(B) making a wire (30) by filling a sheath 
member (29) with the capsule particles (15); 
and (C) making weld cladding on the object 
material (1). 

5 

The method of claim 1, characterized in that 
the step (A) includes the steps of: 

(D) electrostatically attaching on a surface 
of a particle (11) which is to become a core, 

a plurality of covering particles (12) of a io 
diameter smaller than the core particle (11); 
and 

(E) applying an impact force to the core 
particle (11) and the covering particles (12) 

by charging them into a high speed gas is 
stream, thereby making covering particles 
(14) firmly adhere to or even penetrate into 
the core particle (13). 

The method of claim 1 or 2, characterized in 20 

that the step (B) includes the steps of: 

(D; F) charging the capsule particles (15) 

into the sheath member (29); and 

(E; G) drawing the sheath member, as filled 

with the capsule particles (15), to a pre- 25 

determined diameter. 

The method of claim 1, 2 or 3, characterized in 
that the step (C) is performed by a welding 
apparatus with the wire as the filler. 30 

The method of claim 1, 2 or 3, characterized in 
that the step (C) is performed by a MIG welder 
with the wire (30) as the consumable electrode. 

35 

A wire to be used in a method of modifying 
qualities of materials at their local parts by 
means of weld cladding method (the wire be- 
ing referred to as "material modification wire"), 
characterized in that the wire comprises: 40 

a plurality of capsule particles (15), each (15) 
made by encapsulating a core particle (13) 
with smaller covering particles (14); and 

45 

a sheath member (29) to be filled with the 
capsule particles. 

The wire of claim 6, characterized in that the 
covering particle (14) and the sheath member 50 
(29) are electric conductors, respectively. 

The wire of claim 6 or 7, characterized in that 
the covering particle (14) and the sheath mem- 
ber (29) are made of a material that is com- 55 
patible with the object material. 

The wire of claim 6, 7 or 8, characterized in 



that the covering particle (14) and the sheath 
member (29) are made of the same kind of 
material as the object material. 

10. The wire of claim 6, 7, 8 or 9, characterized in 
that the core particle (13) is made of a heat 
resisting element and the covering particle (14) 
and the sheath member (29) are made of a 
metal, respectively. 

11. The wire of claim 6, 7, 8 or 9, characterized in 
that the core particle (41) is made of a heat 
resisting element and the covering particle (42) 
and the sheath member (29) are made of alu- 
minum, respectively. 

12. The wire of any one of claims 6 to 11, char- 
acterized in that the heat resisting element is 
either a heat resisting metal such as Co, Mo, 
Cr and Ni or a ceramic such as Al 2 03, SisN*. 
SiC and CuO. 

13. A material modification method characterized 
by use of the wire (30) of any one of claims 6 
to 12. 

14. The wire of claim 10, characterized in that the 
heat resisting element is any of Co, Mo and Cr 
and the metal is Cu. 

15. A material modification method characterized 
by the step of making weld cladding on a cast 
iron casting using the wire (30) of claim 14. 

16. The wire of claim 11, characterized in that the 
heat resisting element is any of Co, Mo and 
Cr. 

17. A material modification method characterized 
by the step of making weld cladding on an 
aluminum alloy casting using the wire (30) of 
claim 16. 

18. The wire of any one of claims 6 to 9, char- 
acterized in that the core particle (45) is made 
of a metal and the covering particle (46) and 
the sheath member (29) are made of a poly- 
mer, respectively. 

19. The wire of any one of claims 6 to 9, char- 
acterized in that the core particle (45) is made 
of a ceramic and the covering particle (46) and 
the sheath member (29) are made of a poly- 
mer, respectively. 

20. The wire of claim 18 or 19, characterized in 
that a volume ratio of the core particle (45) is 
larger than a volume ratio of the covering par- 
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tides (46) in the capsule particle (44). 

21. The wire of claim 6, 7, 8 or 9, characterized in 
that the core particle (50) is made of a rubber 

.. and CT vgfino particto (49) the ghefllh, 
member (29) are made of a polymer, respec- 
tively. 

22. The wire of claim 18, 19, 20 or 21, character- 
ized in that the polymer is a resin. 

23. A material modification method characterized 
by the step of making weld cladding on a 
polymer (47 or 52) using the wire (30) of any 
one of claims 18 to 22. 

24. A material modification method characterized 
by the step of making weld cladding on a resin 
using the wire (30) of any one of claims 18 to 
22. 

25. The material modification method of claim 23 
or 24, characterized in that the weld cladding 
is made by ultrasonic welding method. 

26. A method of manufacturing a material modi- 
fication wire, characterized in that the method 
comprises the steps of: 

(A) rendering a material for a sheath mem- 
ber (61) into a strip-like flat form; 

(B) making a capsule particle (64) by en- 
capsulating a core particle (62) made of a 
heat resisting element with smaller covering 
particles (63); 

(C) attaching the capsule particle (64) on a 
surface of the material for the sheath mem- 
ber (61) which is to become an inside sur- 
face thereof (referred to as "inside surface 
of the sheath member (61)"); and 

(D) rolling up the material for the sheath 
member (61), as carrying the capsule par- 
ticles (64) on itself, into a fine wire. 

27. The method of claim 26, characterized in that 
the step (C) is performed by an ultrasonic 
vibration energy generated by an ultrasonic 
transducer (67). 

28. The method of claim 26, characterized in that 
the step (C) is performed by ohmic resistance 
heat generated by an ohmic resistance sinter- 
ing apparatus (71). 

29. A wire to be used in a method of modifying 
qualities of materials at their local parts by 
means of weld cladding method using a MIG 
welder or the like, characterized in that the 
wire comprises: 



a wire (85), the wire (85) including 

a plurality of capsule particles (83), each (83) 
5 ^ be ing m a de by encapsul atin g a cor e part icle 
(81) made of a heat resisting element with 
smaller covering particles (82) and 

an electrically conductive sheath member (84) 
70 to be filled with the capsule particles (83); 

and 

a second wire (86) that is of an electric resis- 
tance equivalent to that of the sheath membere 
15 (84) and is to be placed within the wire (85) so 

as to be surrounded by the capsule particles 
(83). 

30. The wire of claim 29, characterized in that the 
20 second wire (86) is made of the same kind of 

material as the sheath member (84). 

31. The wire of claim 29, characterized in that the 
covering particle (82) and the sheath member 

25 (84) are made of a material that is compatible 

with the object base material and the second 
wire (86) is made of the same kind of material 
as the covering particle (82) and the sheath 
member (84). 

30 

32. The wire of claim 29, characterized in that the 
covering particle (82), the sheath member (84) 
and the second wire (86) are made of the 
same kind of material as the object base ma- 

35 terial, respectively. 

33. The wire of claim 29, 30, 31 or 32, character- 
ized in that the second wire (86) and the 
sheath member (84) are made of copper, re- 

40 spectively. 

34. The wire of claim 29, 30, 31, 32 or 33, char- 
acterized in that the second wire (86) is laid 
along a center axis (88) of the wire (85). 

45 

35. The wire of any one of claims 29 to 34, char- 
acterized in that a diameter (d) of the second 
wire (86) is one tenth to one haif of an outer 
diameter (D) of the wire (85). 

50 

36. The wire of any one of claims 6 to 12, 14, 16, 
19 to 22 and 29 to 35, characterized in that a 
diameter of the covering particle (14; 42; 46; 
49; 82) is about one tenth of a diameter of the 

55 core particle (13; 41; 45; 50; 81). 

37. The wire of any one of claims 6 to 12, 14, 16, 
19 to 22 and 29 to 36, characterized in that an 
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outer diameter of the wire is between 0.8 mm 
and 1.6mm. 

38. The wire of any one of claims 6 to 12, 14, 16 

and 29 to 37, characterized in that a weight 5 
ratio of the covering particle (14; 42; 82) to the 
core particle (13; 41; 81) is 30 : 70. 

39. The wire of any one of claims 6 to 12, 14, 16, 

19 to 22 and 29 to 38, characterized in that a w 
diameter of the core particle is approximately 
between 10 micrometers and 500 micrometers. 
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